Abstract-The authenticity or originality of sport jersey cloth fabric in market nowadays is difficult to distinguish. This is a critical issue that leads to the difficulty for customer to know whether they are purchase the original fabric or the fake one. The purpose of this paper is to develop a prototype for Fabric Authenticity System to judge the originality of jersey cloth fabric based on its pattern structure. Besides this, this study aimed to identify the image processing technique which is Fourier analysis to differentiate the authentic and artificial fabric. As a result, the originality of the fabric can be detected based on the fabric pattern structure itself by looking on its Fourier spectrum.
INTRODUCTION
In this modern era, there were many issues that related to the original and fake fabric used in the market selling. Sometimes, they are willing to pay high cost for the jersey that is actually not original. This issues always been debated between consumer and fabric seller regarding to the authentication of the fabric sold. The common method to differentiate between original and fake fabric is performed by using human eyes is clearly not practical to be apply. It is difficult to used naked eyes to judge the originality of jersey cloth because that method cannot promise that the fabric was 100% original. Therefore, there is a need to develop a fabric authenticity system using pattern image processing to differentiate between the original and fake fabrics that make up a jersey.
In [2] , a power spectrum generated from the FFT of a woven fabric is a rich resource of structural information for the fabric. A number of structural characteristics of a fabric can be measured directly from the power spectrum image, or from the images reconstructed with a modified power spectrum image. Fabric warp and weft components can be individually extracted by selecting different peaks in the power spectrum for image reconstruction, which enables fabric count and skewness measurements to be automated. The power spectrum may also be useful for identifying basic weave patterns. In [4] , four novel and effective fractal features have been extracted in the light of the theory of and the problems present in the boxcounting method as well as the inherent characteristics of woven fabrics. These features, combined with SVDD, are then employed in the experiments of detection of gradual-change fabric defects especially of weft crackiness.
In this paper, the Fourier analysis is introduced and examines to detect the originality of jersey fabric. This method would convert the image into magnitude and phase through Fast Fourier transformation process. Before introducing this method, several phases were taken to analyze the fabric structure before feature extraction phase. There are 100 fabric samples of jersey cloth that includes of 50 original sample and the other 50 is fake sample. This sample is examined to detect the originality of the fabric based on its pattern structures.
II. FAST FOURIER TRANSFORMATION
The fast Fourier transform (FFT) [5] algorithm has had a substantial impact on the field of digital signal processing. This algorithm provides an efficient method of performing the convolutions needed to implement digital filters, the correlations needed to implement matched filters, and the Fourier analysis needed for producing spectrograms. These correlation, convolution, and spectral analysis operations form the basis for radar signal processing, sonar signal processing, speech analysis, seismic signal processing, pattern recognition, image enhancement, and countless other operations. The Fourier transform theorem can be stated in one or multiple dimensions, depending on the number of independent variables used in the transformed function. If a function f(x) in the time (or spatial) domain is known, its Fourier transform F(u) is defined as:
Where u is the variable frequency and j=√ 1. It is clear that F(u) is a complex function. If the real and the imaginary components in F(u) are denoted as Fr(u) and Fi(u), then the magnitude M(u) and phase (u) can be calculated:
F (u) is often presented in the polar form:
The function f(x) may be reconstructed by the inverse Fourier transform: where u and v are the frequencies corresponding to x and y, respectively. The magnitude and phase of the Fourier transform can be calculated in a similar way.
III. FABRIC AUTHENTICITY IMPLEMENTATION
In this section, fabric authenticity method based on FFT is developed to detect the originality of fabrics with their pattern structures. It is difficult for customers to know whether they are purchases are the original fabric or the fake one. This makes the authenticity or originality of sport jersey fabric in market nowadays is difficult to be identified. Therefore, this project is carried out to build a prototype for judging the originality of sport jersey fabric based on their pattern structure and to analyze the FFT technique for the detection process. In the Fourier domain image, each point represents a particular frequency contained in the spatial domain image. As a result, by analyze the Fourier spectrum of fabrics, the originality of sport jersey cloth can be identified based on their pattern structure.
A. Preprocessing
Preprocessing of the data is a necessity which includes image acquisition, converting RGB to grayscale image, image enhancement, histogram equalization and thresholding. The image acquisition system used to capture the image of the fabric which has to be inspected. After the image has been obtained, various methods of processing can be applied to the image to perform many different tasks in the image processing field.
In image processing, the objective for image acquisition is to get the sample images for further analysis in the next image processing phases. The system flow for this is as in Fig.1 . For analyzing the proposed system easily, the capturing the fabric images convert the RGB image into grayscale image. For Fabric Authenticity System, the periodic structure of fabric image needs to be treated as an ordinary image that can be processed by spatial operations such as filtering. Since many fabric images are rather grainy, the image usually needs to be smoothed using a mean filtering to reduce the graininess and enhance the visual quality. The mean filtering process aims to improves the quality of image and reduce noises in image because the technique is suitable and flexible because it can reduce the graininess/noise better than others filtering technique. Then, to standardize the brightness and contrast of the images, histogram equalization is performed to obtain a uniform density image histogram. Finally, to differentiate between foreground and background regions of images, the mean value that gets from overall values at histogram point is used in the threshold technique and the pixels above the threshold are turned to black and other pixels are set to white.
B. Feature Extraction
After the binary image is obtained, the next phase is feature extraction where the fabric sample is differentiated and compare with the original fabric to analyze the authenticity of the fabric sample. This stage is one of prerequisites of identification and recognition process. It also involves the process of generating a set of descriptors or characteristic attributes from binary image.
For this phase, Fourier analysis is used to detect the originality of fabric based on its pattern structures. The method used is Fast Fourier Transform for fast computation which means that the image size is cut into 240x240 pixels for this system. This is because; the image length and width should be a power of two. The fast Fourier Transform used FFT function to convert the binary image into magnitude and phase.
The magnitude and phase graph is then shows at the axes and it contains the information of magnitude and phase of the binary image of fabric sample though FFT process. FFT is used to transform the image in spatial domain into frequency domain. The output of this process is Fourier spectrum where it composed of the frequency that contains of magnitude and phase of the image in frequency domain. Here we can see the differences of magnitude and phase of the fabric sample. If it carry different graph compared to original sample, the system will detect it as fake and vice versa. For measure of the comparison between two images, absolute error and mean error is compute to differentiate both images. 
IV. RESULTS AND DISCUSSION
The fabrics under examine is sport jersey cloth where it consists of five different brands which is Arsenal, Manchester United, Italia, Chelsea and Liverpool. Visual appearance of jersey cloth is a major factor in the judgment of the originality of the jersey cloth. This inspection has historically been performed by use of the only "tool" available, the human eye. In this system, sport jersey fabrics are used. The fabric image is captured by a digital camera (Canon Power Shot A470) with 7.1 megapixels and stored it into computer memory. Then, the images is resize into 240x240 pixels using Adobe Photoshop 10.0 since the size is suitable and flexible to do the comparison between images. Next, the images were saved in JPEG format with 8 bit gray level resolutions. 100 samples of fabric image are test with different brand of sport jersey fabric that is consists of 50 original samples and 50 fake sample of jersey cloth. There were five brands of jersey cloth under examination which is Arsenal, Manchester United, Chelsea, Italia and Liverpool. This system will use MATLAB R2008a as the development platform.
The fabric is compared based on its pattern structure. Fast Fourier Transformation will convert the threshold image into magnitude and phase as show in Fig.2 . And we may know the originality of the fabric based on this Fourier spectrum when performing the transformation between spatial domains into frequency domain. Even though the image is capture in different angle, the system still can detect the originality of the fabric through Fourier Transformation process. 100 fabric samples were used and it is included of 50 of original sample and 50 of fake samples jersey cloth. Out of 100 samples, 10 samples are facing the failure estimation. In Fig.3 , eight results were selected randomly. That indicates 90% successful rate of the Fabric Authenticity System in estimating the fabric originality. The result might cause by the light intensity and while captured the fabric images.
V. CONCLUSIONS
The authenticity or originality of sport jersey cloth fabric in market nowadays is difficult to distinguish. This is a critical issue that leads to the difficulty for customer to know whether they are purchase the original fabric or the fake one. The fabric structure is repetitive and regular global texture and Fourier Transform can be applied to monitor the originality of sport jersey cloth. When the fabric is fake, its pattern structure is different compared with the original fabric. This leads to the changes of corresponding intensity at some specific positions of the magnitude and phase of the Fourier transformation. The Fourier spectrum is obtained when performing the transformation between spatial domains into frequency domain. The frequency domain contains lots of information that represent by the magnitude and phase of the image. In the Fourier domain image, each point represents a particular frequency contained in the spatial domain image. As a result, the originality of the fabric can be detected based on the fabric pattern structure itself by looking on its Fourier spectrum.
